This paper explores the long run relationship between public and private investment in the euro area in terms of capital stocks and gross investment flows. Panel techniques accounting for international spillovers are employed. While private and public capital stocks are cointegrated, the evidence is quite fragile for public and private investment flows. They enter a long run relationship only after fundamental drivers of private investment, such as demand and financing costs are included. According to the impulse response analysis, private investment reacts to shocks in public investment both in terms of stock and flow variables. In contrast, public investment is rather exogenous. Therefore, the lack of public investment might have restricted private investment and GDP growth in the euro area. The results have strong implications for the future direction of fiscal austerity programs to combat the euro area debt crisis. JEL: C23, E22, E62
Introduction
While fiscal austerity is beneficial for GDP growth in the long run, the impacts in the short and medium run are often negative, as witnessed by the public debt crisis in the euro area. The consolidation of public finances through a reduction of fiscal expenditures and an increase in taxes have caused deep recessions in many countries (see for example Auerbach and Gorodnichenko, 2012) . To foster economic growth in times of debt is a main challenge for policymakers.
This study investigates the relation between public and private investment for the euro area.
From a theoretical perspective, there is evidence for effects in both directions. On the one hand, if public and private sectors compete for the same resources, the costs for private investment can increase. Public investment needs to be financed, which may imply a higher tax burden or higher demand of governments for funds in capital markets, therefore causing interest rates to rise. Even from a Keynesian perspective, crowding-out effects of private investment are expected. They will be reinforced in times of a crisis, since higher government debt can raise country-specific risk and interest rates. On the other hand, public investment may create more favourable conditions for private investment, for example, by providing better infrastructure. The existence of facilities can increase productivity of private investment, which might take advantage of improved business conditions. For example, government investments in energy, telecommunications or other network industries may have stimulated private investment activities (see Dethier and Moore, 2012) .
Due to the opposite effects, the net impact of public on private investment is not determined on a priori grounds. Consequently, previous studies have delivered inconclusive results with respect to crowding-out or crowding-in. As the net impact comprises both static and dynamic reactions, any analysis should distinguish between the short and long run of the direction.
While crowding-out is mainly a short-run phenomenon related to restrictions on available resources, crowding-in is more long-lasting and traced to higher productivity of private capital.
Thus, if there are crowding-in effects, they may be eventually more relevant in terms of the stock variables.
In his seminal contribution, Aschauer (1989) emphasized the possibility that public investment may induce private investment. In general higher public capital accumulation tends to raise the overall investment rate above the level chosen by rational agents implying an ex ante crowding out of private investment. However, crowding-in effects will finally dominate. An expansion of 3 public capital is expected to increase the rate of return to private capital, thereby leading to higher private capital accumulation and GDP growth. Hence, active fiscal policies could stimulate private investment through productivity gains stemming from public capital. The results suggest that private investment will raise permanently by more than one to one for every unit of non-defense public capital. Evidence is based on a static production function specified in levels for the US. Subsequent research based on regional production functions, disaggregated public capital or industries arrived at similar conclusions, particularly for roads and highway capital. Argimón, González-Páramo and Roldán (1997) reported significant crowding-in effects of public on private investment for OECD countries through the positive impact of infrastructure on productivity. In contrast, government consumption will crowd out private investment.
Thus, debt reductions engineered through cuts in public investment can severely impinge on private investment and growth prospects.
The positive assessment of public investment expenditures lacks robustness, as the empirical model plays a crucial role. The integration properties of the variables can heavily influence the results, but have been largely ignored in the aforementioned studies. If production functions are estimated with differenced data or if pooled regressions are carried out with fixed effects, crowding-in effects seem to diminish. Instead, negative marginal products of public capital can be are detected. See Perotti (2007) for a recent survey. Using country specific VARs in first differences, Afonso und Aubyn (2009) found crowding-in effects of public investment for some countries, but crowding out effects for others. The reversed direction appears to be even more general. In fact, an acceleration of private investment raises GDP and revenues to spend for public investment. Based on a panel VAR in first differences Marattin and Salotti (2011) shocks in public investment and to capital adjustment towards the stock equilibrium. In contrast, public investment is found to be exogeneous. Thus, the lack of public investment might have restricted private investment and GDP growth in the euro area.
The results have strong implications for the future direction of fiscal austerity programs to combat the euro area debt crisis. In fact, economic growth in the euro area could benefit from further fiscal reforms. For example, the exclusion of national co-funding of EU-supported investments from the fiscal indicators considered in the Stability and Growth Pact could be a sensible strategy (Barbiero and Darvas, 2014) . The recently introduced European Semester designed to better monitor fiscal planning at the individual country level should encourage higher investment activities by member states, in particular of those with healthy public finances and low public investment rates.
The rest of the paper is structured as follows. The next section (Section 2) motivates a long-run equilibrium between private and public investment. Afterwards, Section 3 discusses the econometric methodology. Section 4 holds the empirical results. Finally, Section 5 concludes with some policy recommendations.
Long run equilibrium between private and public capital
To address the possible crowding-in effect it is necessary to examine the relationship between private and public capital. Assuming that the Cobb Douglas production function with constant returns to scale, output Y is related to technical progress A, labour L, private capital K and public capital G, i.e.
(1)
The parameters α, β and γ denote production elasticities. While the marginal product of private capital is βY/K, the marginal product of public capital is γY/G. In equilibrium, the marginal products should be equal to the respective real interest rates
in the private (rp) and public sector (rg). As the interest rates are subject to arbitrage, they will eventually move in parallel, despite possible differences related to risk premia (Hatano, 2010) .
If the interest rates maintain a constant ratio, rp=λrg, one can obtain
implying that the capital stocks are cointegrated. If the marginal products are equalized, the cointegration parameter will simply reflect the ratio of the production elasticities. Equation (3) will be tested in terms for the capital stocks. If the stocks are cointegrated, they should expand at the same rate, implying that public and private investment are cointegrated as well. Therefore, we will also investigate the existence of a long run equilibrium between public and private investment flows 2 . Note that any direction of causality is not assumed in the argument.
However, if public investment is exogenous, private investment will react to deviations from the long run, implying that deviations from the cointegrating relationship can be seen as a driver for private investment.
Econometric approach

Panel VAR models
Panel VARs are designed to capture both static and dynamic interdependencies across countries or regions using some set of restrictions, treat the linkages across units, and can account for cross sectional heterogeneities (Canova and Cicarelli, 2013) . They extend the standard VAR framework to panel data by adding a cross section dimension. The reduced form of the model can be stated as
3) implies cointegration between net investment flows, i.e. gross investment less depreciation. To be consistent with other studies, this property is explored by employing gross investment flows. The difference is not crucial for the analysis. From an empirical perspective, capital stocks are I(2) variables.
As net investment flows are cumulated to obtain the stocks, they match the integration properties of gross investment flows, which are I(1).
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The m endogenous variables constitute the vector y; Y is the stacked version of y comprising the variables for all countries, ν 0 is a vector of intercepts that could also depend on time, A i (L)
is a polynomial in the lag operator L for the coefficients of the lagged regressors and u is a vector of random disturbances. The indices i and t refer to the country and time period, respectively. Lags of all variables of all units are allowed to enter the equations for each unit, thereby including dynamic interdependencies. Static interdependencies could arise, as the errors are correlated across the units. Cross sectional heterogeneity is embedded, since all parameters might be unit specific.
The panel VAR in its unrestricted form cannot be estimated due to the lack of degrees of freedom. However, the panel structure suggests possible restrictions (Lütkepohl, 2014 
In the restricted version, interdependencies can still occur through the correlation of residuals across units. While the advantage of the panel setup is an increase in the number of observations implying more efficient estimates especially in case of low frequency data, the disadvantage is the need to impose homogeneity restrictions. Therefore, the selection of the appropriate model depends on the question under study. In fact, potential heterogeneities might be limited in this study, as the euro area countries share many similarities and are part of an integrated economic area. Expansionary fiscal policies do not lead to strong cross country spillovers, as shown by the recent financial crisis. As a response to the economic downturn, fiscal stimulus packages were launched, but in a rather uncoordinated way across member states. At the same time, persistent unobserved heterogeneities can be preserved due to the presence of unit specific intercepts, i.e. fixed effects. Hence, the restricted model (5) can serve as a point of departure.
The standard approach to estimate the parameters of the model is pooled regression combined with fixed effects. Since the fixed effects are correlated with the regressors because of the lags of the variables, the mean-differencing procedure often used to eliminate the intercepts will inevitably lead to biased estimates (Arellano and Bond, 1991) . To overcome this problem, forward-mean differencing via the Helmert transformation is involved, see Arellano and Bover (1995) . This procedure preserves the orthogonality between the transformed variables and lagged regressors. The latter are taken as instruments to estimate the coefficients by the system GMM, as proposed by Holtz-Eakin, Newey and Rosen (1988) and Love and Zicchino (2006) . Once the parameters have been estimated, the reactions of one variable to the innovations of another variable can be revealed from impulse response analysis and variance decomposition. While impulse response functions describe the reactions of a variable over time to a shock in other variables of the system, variance decompositions measure the contributions of each shock to the forecast error variance of each variable for a particular forecasting horizon.
For an appropriate interpretation, the shocks need to be identified, i.e. an orthogonal transformation of errors is involved. This is achieved by the lower triangular Cholesky decomposition. It implies a causal ordering of the series, depending on their contemporaneous impact on other variables. Since dynamic interdependencies across units are excluded in the restricted model, the ordering of countries does not affect the results.
Panel integration and cointegration
The panel VAR can be specified in terms of the level variables, irrespectively whether they are stationary or not. If they include stochastic trends, cointegration relationships are implicitly embedded, as in the time series case (Sims, Stock and Watson, 1990) . In this application, the long run is explicitly extracted to improve the economic interpretation of the results. In order to check the unit root properties of the variables, panel integration tests allowing for cross section spillovers are applied. According to the Pesaran (2007) CADF routine, the standard ADF equation (6) The cointegration properties are investigated by the panel and group mean statistics suggested by Westerlund (2007) . They do not rely on a potential inappropriate common factor restriction such as the tests based on the residuals obtained from static relationships; see Kremers, Ericsson and Dolado (1992) . The null hypothesis of no cointegration between y and x is evaluated by testing whether the feedback parameter (γ) in a conditional panel errorcorrection model Note that panel cointegration tests do not reveal the long run parameters. Their aim is to identify reliable empirical models of integrated variables to avoid spurious regressions. Therefore, after testing for cointegration, the long run is estimated via pooled regression with fixed effects and contemporaneous correlation in the residuals. This approach is valid, if cointegration has been confirmed in advance, i.e. if spurious regressions can be excluded. While the intercept, short run coefficients and error variances can differ across the panel members, the long run coefficients are restricted to be identical over the cross section.
Data issues and empirical results
Evidence on the link between public and private investment is based on annual data for the - bles are nonstationary in their levels and stationary in the first differences. As real interest rates and government debt ratios cannot move without bounds, the outcome may be doubted for these variables from a theoretical view. However, they appear to be integrated in a statistical sense and should be treated as such in the empirical analysis. The lower part of Table 1 holds the cointegration results. The long run property is tested for different subsets of variables to obtain reliable evidence. Gross public and private investment flows are not cointegrated in the euro area. However, they can enter an extended long run relation, if fundamental drivers of investment are taken into account. However, the latter determinants, like overall demand in the economy, real interest rates or public debt ratios appear to be far more important. The evidence in favor of cointegration is stronger in a model comprising real interest rates instead of public debt ratios. To summarize, the link between public and private investment is not well supported in the flow model. In contrast to the evidence based on flows, the capital stocks appear to be cointegrated. Therefore, there is a long run link between public and private investment, but it should be expressed in terms of stocks. Note that the deviations from the stock equilibrium do not need to be stationary. In principle, they can be also I(1), due to their I(2) ingredients.
If cointegration is detected between certain sets of variables, the long run parameters can be estimated by pooled regression techniques. As it is shown in Table 2 , the coefficients of the relationships are well signed. Higher demand and lower financing costs will stimulate private investment. Furthermore, a one percent increase in public investment will trigger a 0.2 percent increase of private investment flows on average in the long run. An expansion of the public capital stock by one percent will lead to a less than proportional rise in private capital. According to equation (3), the elasticity of 0.8 implies that the production elasticity of private capital is slightly less than the product of the production elasticity of public capital times a risk premium for government bonds.
- Table 2 about here-Insights into the direction of the causality are obtained from a restricted panel VAR, see equation (5). As it is specified in terms of the level variables, the cointegrating relationships are implicitly embedded. The identification scheme is based on a lower triangular Cholesky decomposition with the ordering of variables according to Flow model: (PUB, R, Y, PRI) Stock model: (CS_PUB, CS_PRI) .
A variable coming earlier in the ordering affects the next ones both contemporaneously and with a lag, while a variable coming later has only lagged effects on the preceding ones. In the flow model, gross public investment (PUB) is the most exogenous variable, since it is a policy instrument and can be decided independently. However, it will affect real interest rates (R), in particular if the expenditures are financed by new debt. Both public investment and interest rates affect overall demand (Y). Depending on these conditions, the agents decide on the level of private investment (PRI). In the stock model, public capital comes first, as it an increase the productivity of private investment. As the identifying assumptions might be critical, especially with respect to the annual data frequency, different identification schemes have been also chosen, but did not affect the results in a substantial way. The results are exhibited for short and medium horizons in Table 3 In contrast to the flow model, the role of public investment is more important if the stocks are considered. The adjustment of private capital to shocks in public capital appears to be signifi-12 cant and the latter are able to account for 50 percent of the variance of the former. The impulse responses also reveal a minor impact running in the opposite direction. As public capital will decline after a positive shock in private capital, it may be traced to some anticyclical behavior of the government. Overall, the stock model reveals a crucial role of public capital for private investment behavior that would be largely underestimated if the analysis is focused on flows.
- Thus, the lack of public capital as a result of weak public investment might have restricted private investment and GDP growth in the euro area. The results have strong implications for the future direction of fiscal austerity programs to combat the euro area debt crisis. In particular, economic growth in the euro area could benefit from further fiscal reforms. A modified framework should encourage higher investment by the member states, in particular of those with healthy public finances and low public investment rates. This would be part of an integrated approach to overcome the crisis and to achieve a path of stronger GDP growth in the future. , 1991-2012) . Variables are gross private investment (PRI), gross public investment (PUB), GDP (Y), real interest rate (R), government debt ratio (DEBT). CS_PRI (CS_PUB) is the private (public) capital stock. Pooled regression with country fixed effects and cross section correlation in the residuals. Figures in parentheses denote standard errors. R-SQUARED is the adjusted coefficient of determination, AIC the Akaike information criterion. , 1991-2012) . Variables are gross private investment (PRI), gross public investment (PUB), GDP (Y), real interest rate (R). CS_PRI (CS_PUB) is the private (public) capital stock. Entries denote impulse reponses 1, 3 and 5 years after the shock in public or private investment and the percentage of the forecast error variance that can be attributed to fluctuations in the shock variable after 3 and 5 years. An asterisk indicates significance at the 0.05 level, where standard errors are determined by Monte Carlo methods.
